Using the plasmid pKK3535, which contains the rrnB operon of Escherichia coli in pBR322, a deletion mutation was constructed which lacks bases 822 to 874 in the middle of the 16S ribosomal RNA. This results in an "amputation" of a very distinct stem and loop structure in the RNA. By forming a heteroduplex between the deletion plasmid and the original pKK3535 and by modifying the single-stranded deletion loops with bisulfite, we produced plasmids containing one or two base changes at positions 839, 840, 841, 867 or 876. The clustering of the mutations near the top of the stem, and the inability to get base changes at other positions, suggests that single alterations at particular positions severely affect the formation of a functional ribosome. The ability to recover mutations at these positions is not determined by the secondary structure of the DNA during bisulfite mutagenesis.
INTRODUCTION
The production and isolation of mutants in ribosomal RNA is made difficult by the fact that the genome of E^_ coll contains seven different operons coding for ribosomal RNA (1, 2) . The availability of a multicopy plasmid containing a single copy of the rrnB operon (3, 4) has allowed for the application of in vitro mutagenic techniques to the plasmid coded rDNA. This provides a way of investigating the expression and regulation of ribosomal RNA synthesis and of examining the structural and functional features of rRNA in the ribosorae (see 5 for review).
Since the entire sequence of pKK3535 is known, deletion mutations ranging from one to several hundred bases can be constructed at specific restriction sites in both 16S rDNA and 23S rDNA (6) . In a modified maxicell system (7, 8) plasmid coded rRNA is synthesized in the absence of host coded rRNA synthesis. Ribosomal proteins and rRNA processing enzymes continue to be synthesized from the host chromosome. Thus plasmid coded rRNA can be processed and fully assembled into ribosomes in the maxicell. This makes it possible to study the effects of rRNA mutations on ribosome structure, function and assembly.
Our initial studies on rRNA mutants described deletion mutations produced by exonuclease digestion of the rDNA cleaved at specific restriction sites. By forming a heteroduplex between DNA from a plasmid containing a deletion and DNA from an unaltered plasmid, a single stranded region opposing the site of the deletion is produced. Point mutations can be introduced into this region by modifying the single stranded loop with bisulfite.
Because both DNA strands of each plasmid form heteroduplexes, G to A as well as C to U base changes are to be expected in the rRNA. This approach has been used successfully with derivatives of pBR322 containing genes coding for specific proteins (9,10).
Here we report on the first base changes produced in rRNA by bisulfite mutagenesis using a 53 base deletion mutant in 16S rDNA. 
MATERIALS AND METHODS

Bacterial
RESULTS
Isolation of Point Mutations
To study the effects of single base changes in ribosomal RNA, bisulfite mutagenesis of cytosine residues in single strand regions of DNA was performed as described in Materials and Methods. The deletion mutant, Sall-72, was constructed as shown pKK3535, and a fragment of 907 basepairs in the Sall72 mutant.
All of the faster growing colonies were found to contain the 960 bp fragment while the very slow growing colonies contained the Sall-72 mutant. Plasmids containing the larger, 960 basepair fragment were then subjected to sequence analysis using the G and C reactions of the Maxam-Gilbert procedure (13) .
The sequence data of three mutant plasmids are given In Fig.   3 . In the case of the transformant BS18, all four reactions were used but only the expected C to U changes were observed. In analyzing many of the plasmids we sequenced about 150 bases, including the 53 bases subjected to bisulfite modification.
Mutations were detected within the region of the Sall-72 deletion All of the C to U transition mutations we observed occurred in bases which could pair in one or more secondary structures.
Thus, the altered bases were not especially exposed and there is no reason why they should have been modified preferentially by In the case of A to G transitions (Fig. 5 b) , the matrix showed very little potential for basepairing. The greatest stability that could be calculated did not exceed 6. Therefore it is even less likely that secondary structure played a role in limiting the selection of A to G transitions to only one mutant plasmid.
Isolation of revertants from BS 18
During the growth of strain BD 817 containing plasmid BS with the results shown in Fig. 6 . In all 12 cases fragments identical to those of BS18, not pKK3535, were produced. In addition, this experiment ruled out the possibility that G-824, normally base paired with C-876 in the rRNA structure ( Fig. 7) , had changed to an A to complement the C to U transition at 876. E. coli , Zea mays chloroplasts, Saccharomyces "°? cerevisiae and Xenopus laevis (17) .
The point mutations appeared to be limited to the area defined by the deletion. The region of 16S rRNA we have studied has a well defined stem and loop structure (see Fig. 7 ) as determined primarily by phylogenetic comparison of rDNA sequences from different organisms (16, 17, 18, 19) . Contained within the structure are conserved as well as variable regions. The area at the base of the stem is conserved among J\_ coli, Zea mays chloroplast, Saccharomyces cerevisiae and Xenopus laevis small rRNA's (16).
As might be expected, a base change in this conserved area (position 876 in BS18) had the most severe effect on the growth rate of cells containing this particular plasmid (Fig. 4) . It is Interesting that a relatively large amount of revertants could be isolated from one particular point mutation (BS18). Analysis of 12 independent revertants (fast growing cells containing the mutant plasmid) from BS18 showed that they were actually pseudorevertants.
In preliminary experiments we find no evidence for a reduced or enhanced copy number of the plasmid (data not shown) and it is likely that the reversions represent one or more types of alteration in the host genome, possibly a change in a ribosomal protein or some other factor involved in rRNA processing, assembly or function. Studies are now under way to determine the nature of these changes. This will provide a new approach to the study of the ribosome.
A3CNCWLEDGEMENTS
We 
